Abstract
Introduction

38
The gregarious behavior characteristic of many benthic suspension-feeding invertebrates such as 39 bivalves is associated with certain advantages including protection from predators (Bertness and 40 Grosholz, 1985; Lin, 1991 and Reimer and Tedengren, 1997) , reproductive success (Okamura, 41 1986 ) and optimization of hydrodynamic regimes leading to a higher flux of seston (Gibbs et al. 3 al., 1992; Mueller, 1996; Taylor et al., 1997) . Aquaculture on suspended structures represents a 74 particular case of aggregation where density of suspension-feeders is maximized to achieve a 75 greater commercial yield and economic benefit. Inhibition in feeding and declines in growth and 76 survival rates have been observed in areas with high density of cultivated mussels (Fréchette 77 and Despland, 1999) .
79
Galicia is one of the largest mussel farming producers in the world, where mussels are grown in 80 culture ropes suspended from raft systems (Gosling, 2003; Labarta, 2004) . The productivity is 81 sustained by coastal upwelling and the circulation patterns in the Rías that together stimulate 82 high primary production rates (Figueiras et al., 2002) . Nevertheless, the detrimental effect of 83 density on mussel growth is well known by mussel producers. Aside from a reduction in food 84 availability, crowding also increases the risk of mussel dislodgement from the ropes and 85 subsequent financial losses. In traditional mussel cultivation, mussel density on culture ropes is 86 reduced in a process called "thinning-out". The "thinning-out" is carried out after 4-7 months 87 when mussels reached shell lengths of 40-50 mm and growth slows down. This process consists 88 of detaching the individuals from the ropes and replacing them in order to reduce the density 89 and homogenize the size distributions (Pérez-Camacho et al., 1991) . Mussel farmers can thus 90 control mussel density on the ropes in order to optimize growth and minimize cultivation time 91 and product losses. Although this method requires considerable labor and financial investment,
92
it is commonly employed in the Galician Rías, thereby demonstrating the importance of mussel 93 density on growth and commercial yield.
95
Studies on the effect of stocking density on mussel growth in suspended culture are scarce 96 (Lauzon-Guay et al., 2005a; Lauzon-Guay et al., 2006; Pérez-Camacho and Labarta, 2004) 97 despite the obvious importance to the mussel industry. A better understanding of the effect of 98 stocking density on mussel growth will enable more efficient management at rope, raft and, 99 ultimately, ecosystem scale, allowing the implementation of carrying capacity models (Rosland 100 et al., 2011) . The aim of this study is to determine the effect of mussel density on growth in a
Environmental conditions
144
At each sampling, measurements of temperature (T, ºC) and salinity (S) were made using a YSI 145 556MPS multiprobe system at 1 and 6 m depth. Water samples were collected at each sampling 146 time to calculate the concentration of chlorophyll-a (Chl-a; µgl 
200
The effect of density on the size frequency distribution of mussels was tested after the first 201 month of cultivation (May) and at the end of the experimental period (October 
218
Summer and Autumn ( Fig. 2A) . The presence of a persistent phytoplankton bloom at the 219 beginning of July corresponds to the highest peak in chl-a, TPM and POM ( Fig. 2A-C The significant density×time interaction found for all the growth parameters evaluated (Table 1) 224 revealed a different growth temporal evolution among density treatments (Fig. 3 ). There were 
240
At harvest (October), size distribution showed a leftward displacement as density increased 241 (Fig. 4 and Table 2 ), where the 220 ind/m density treatment presented the greatest mean shell 242 length and the 1150 ind/m the lowest ( (Table 3) .
250
Asymptotic sizes (L  ) were significantly different between extreme density treatments (p<0.05; 251 Table 3 255 ind/m). Furthermore, we found significant differences in the growth factor (k) of shell length 256 growth curves between the highest values observed for 370 ind/m mussels, and the lowest for 257 1150 ind/m (p<0.05; Table 3 ).
258
The individuals cultured at the highest density (1150 ind/m) also reached a significantly lower 259 total weight than those for the other densities (p<0.05; Table 3 (Table 3) .
266
In for 220 and 370 ind/m mussels (15.4 and 17.0g, respectively; Table 3 and Fig. 5D ). (Table 5) . A similar trend was observed for weight growth rates, whereby the density of 282 1150 ind/m presented lower TDW rates than the densities of 220, 370, 500 and 700 ind/m (Table 5 ). In concordance, the highest density treatment showed lower DWt growth rates than 284 220, 370 and 500 ind/m treatments and lower DWs growth rates than 220 and 370 ind/m (Table   285   5 314 Griffiths and Hockey, 1987; Paine, 1974) .
315
Significant differences between extreme densities were also observed in the growth factor (k Table 3 . 
